Abstract
manifestations of weight gain in response to a WD. Interestingly, improved nutrition, dieting and weight 74 loss do not invariably lead to a return to normal plasma metabolite concentrations, and these altered 75 plasma levels of specific metabolites may be contributing to the increased cardiovascular disease risk 76 observed in patients with repeated cycles of weight gain and loss (often termed yoyo dieting or weight 77 cycling) in both females [10, 11] and males [12] . However, the exact pattern of metabolic changes 78 during this weight cycling has not been characterized, and it is unknown how quickly a WD exposure
79
(with or without weight gain and subsequent loss) causes long-term changes.
80
With the advent of modern metabolomics technologies, such as gas chromatography-coupled 81 mass spectrometry, it is now possible to conduct comprehensive and unbiased analyses of serum 82 samples to characterize the complex metabolic changes resulting from weight gain and changes in diet 83 patterns. In a recent study, an 8% weight increase was induced within 6-8 weeks in human volunteer 84 subjects on a WD [13] . A detailed metabolomics analysis revealed significant changes in response to 85 the diet change and weight gain in study participants. The analysis suggested that even short-term 86 administration of a WD, and the resulting short-term weight gain, led to metabolomic changes that 87 persisted even after participants were returned to a normal diet, and the initial weight gain was reversed.
88
However, the findings were highly variable among individuals, suggesting inter-individual factors (such 89 as genetic factors or past life style) also contributing to the observed response and highlighting the 90 challenges to investigating this phenomenon in adult human patients or volunteers.
91
Non-human primate (NHP) models, such as baboons, have been used extensively to study 92 cardiometabolic disorders in response to Western and other diets [14] [15] [16] [17] . These studies benefit from the 93 similarity in metabolism and nutritional needs of these animals compared to humans, and a controlled 94 environment in which diets of defined composition can be fed without having to account for variable 95 prior exposures of animals. Antonio, TX). All animals were 7 years of age and had an average weight of 29.4 kg (26.6 -32.5 kg).
112
All animals were raised and maintained on a standard monkey chow diet (high complex carbohydrates, held constant between the diets while the concentrations and types of carbohydrates were modified.
118
Further, in the WD, 40% of calories were derived from lard, and simple carbohydrates were 119 predominantly derived from high fructose corn syrup. The detailed diet compositions are listed in 
Metabolomic analysis using GC-MS

148
Gas chromatography-mass spectrometry (GC-MS) was performed as described elsewhere [21, 22] using 149 a two-dimensional gas chromatography time-of-flight mass-spectrometer (2D GC-ToF-MS) platform.
150
Plasma samples (30 μL) were extracted serially, once each using mixtures of isopropanol: acetonitrile: assembled into a joint data set which included hits from both the databases. (Table S5) . 
Clustering of diet-groups based on metabolite abundance
299
A major goal of this study was to compare the effects of the WD challenge and the washout period on 300 quantity and quality of circulating plasma metabolites, as a function of systemic metabolic 301 dysregulation. We observed that for time points 0 d, 49 d, and 106 d, two models explained the direction 302 of changes for 105 of the 115 total metabolites we measured (Fig. 3, Table S6 ). The first model (P- The 85 metabolites in the first model belonged mostly to amino acid metabolism (asparagine, glycine, 306 aspartic acid, valine, isoleucine, leucine, threonine, tryptophan, tyrosine, proline, cysteine, and glutamic 307 acid), nitrogen metabolism (glycine, hydroxylamine), butanoate metabolism (butanal, butyric acid, 308 succinic acid), fatty acid biosynthesis (myristic acid, dodecanoic acid, and capric acid), cholesterol, 309 maltose, myo-inositol, myo-inositol-phosphate, uridine, creatinine, canavanine among others. The 310 second model (0, 1,-1) was based on 20 metabolites (P-value, 1.3x10 -7 ) that belonged to amino acid 311 metabolism (glutamine, serine, lysine, ornithine, 1-methyl histidine) ethanol, and glycerol.
312
It is striking that all metabolites in these two groups had lower circulating plasma levels at 106 d, when 313 compared to the start of the study (0 d). Contrary to expectation, the levels did not simply return to 314 baseline after washout, but settled on a different, lower "normal set point", suggesting that the short- Further analysis of the metabolites driving the separation to identify the discriminatory metabolites 341 using biplots derived from PLS-DA analysis revealed that sugars (glucose, galactose, mannose), urea, 342 and fatty acids (palmitic and stearic acids) show higher discriminatory potential than others (Fig. 5A) .
343
Peining et al. [13] attributed this change to decreased catabolism due to increased calorie intake to 344 explain changing metabolites at the time points in their weight loss study [13] . 
364
While the changes in plasma metabolites observed in our analysis suggest an interesting long-term 365 physiological response to the 7 week WD challenge in our animals, further studies will be needed to 366 elucidate mechanisms and address weaknesses in our existing pilot. Most notably, the findings will need 367 to be confirmed in a larger number of animals. Finally, future studies may require collection of food 368 consumption rates for individual animals, a factor that may have influenced our pilot analysis, and may 369 allow a more detailed analysis of genetic factors contributing to the variability in individual responses. 
Concluding remarks
380
In our baboon study, short-term exposure to a WD did not induce significant metabolomic changes after 
